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The Hectron/ Isotope Spectrometer on IMF-8 


The Caltech Electron/Isotope Spectrometer on IMP-8 has since 1973 been provid- 
ing precise measurements of the energy spectra and time variations of low energy elec- 
trons (0.16 - 6 MeV), the isotopes of hydrogen and helium (~2 to 40 MeV/nucLeon), and 
the elements from lithium through oxygen (~5 to 50 MeV/nucleon) in energetic particle 
fluxes of solar, galactic, interplanetary, and magnetospheric origin. We summarize here 
some of the many accomplishments that have resulted from E1S measurements during 
the period covered by this report, March 24, 1980 to December 31, 1984. 

The Isotopic Composition of Galactic Cosmic Ray Hydrogen and Helium - In galactic 
cosmic rays (GCRs) the rare isotopes Z H and 3 He are believed to be of secondary origin, 
and their abundance therefore provides information on the pathlength of cosmic ray X H 
and 4 He nuclei in the interstellar medium. The EIS provided significantly improved 
resolution of 2 H and 3 He (see, e.g., Fig. l). Co mbining these measurements with 
improved interstellar propagation and solar modulation calculations, we found that the 
observed spectra of a H and a He could be accounted for by an interstellar pathlength of 
7 ± 2 g/cm 2 , consistent with that determined for heavier nuclei (see Fig, 2). We also 
concluded from the observed z H/ 3 He ratio that the interstellar energy spectra of *H 
and 4 He must be considerably steeper than the total energy power law often used in 
cosmic ray propagation and modulation studies. 

Ever since 1973, when the "anomalous cosmic ray" (ACR) component of 4 He was 
discovered, we have used 3 He as a "tracer" to separate the ACR and galactic cosmic ray 
(GCR) contributions to the 4 He spectrum observed at 1 AU. In a recent survey of ~25 
MeV/nucleon H and He isotope abundances from 1973 to 1979, we also found possible 
evidence for an "anomalous" contribution to the *H flux during 1976-1977, consistent 
with the predictions of one theoretical model. 

Studies of the Anomalous Cosmic Rays - The energy region from ~1 to 30 MeV/nucleon 
includes nuclei accelerated in a variety of sources, including the anomalous cosmic ray 
component (see Fig. 3). In our 1974 report of a joint IMP-7/8 study of the elemental 
and isotopic composition of nuclei with 2seZ^8, we found that the anomalous He, N, and 
0 fluxes were predominately 4 He, 14 N, and 58 0, and that the energy spectra of Li, Be. B, 
and C showed no anomalous enhancements, but were consistent with solar modulation 
of the GCR component. Thus, there was no evidence for secondary fragmentation pro- 
ducts arising from the enhanced N and 0 fluxes, and the ACR component must be a 
relatively pure sample of the source material. A recent paper based on IMP and ISEE-3 
data extends these results with improved statistical accuracy. 

EIS measurements were also the first to demonstrate significant time variations in 
the ACR fluxes, and to show that this component is more sensitive to solar modulation 
t han galactic cosmic rays of similar energies. More recently, EIS observations have 
served as the 1 AU baseline in Pioneer/IMP studies of the radial gradient of ACR He and 
0, which resulted in gradients of 15±3% per AU for both species. 

Observations of Hydrogen and Helium Isotopes in Solar Flares - In solar flares the rare 
isotopes 2 H, 3 H, and 3 He are produced by nuclear interactions of accelerated l H and 4 He 
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Figure 1: Examples of the mass resolution achieved for quiet-time 8 H and s He 
nuclei by the EIS instruments on IMP-7 and IMF-B. 



Figure 2: An example of measured and calculated energy spectra for the quartet 
of H and He isotopes. 





Nuclei / 



Kinetic Energy (MeV/nucleon) 

Figure 3: Quiet-time energy spectra observed by IMP-8 for the elements H. He. C. 
N, and 0. Note the "anomalous enhancements in the spectra of He, N, and 0. 
Data points at energies greater than ~50 MeV/nucleon are from the University of 
Chicago experiment on IMP-8. 
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nuclei as they pass through the solar atmosphere. In addition, the abundance of s He is 
sometimes enhanced by orders of magnitude ( 3 He/ 4 He & 0.1) in so-called 3 He-rich 
flares. Using EIS data from 1973-1974 we placed new limits on the abundance of Z H and 
3 H in large solar events, and identified a number of a He-rich flares without correspond- 
ing increases in or 3 H, thereby providing further evidence that such events cannot 
be explained by nuclear interaction models. We also discovered that 3 He-rich events 
typically contain enrichments of heavy nuclei (Z&6), thereby providing an additional 
constraint on theoretical models for these events. 

Recently we extended our search for these rare isotopes to higher energies and to 
additional flares observed from 1974 to 1979. Figure 4 shows examples of the mass 
spectra, which indicate no evidence for a finite abundance of Z H or a H. The resulting 
upper limits for the z H/ l H and 3 H/ 1 H ratios are up to an order of magnitude lower them 
finite measurements reported earlier by another group at the s ame energy/nucleon. 
These results show that (contrary to earlier reports) the typical solar flare particle 
escaping from the sun has not passed through any significant amount of material (< 30 
mg /cm 2 ), a result consistent with recent solar 7-ray observations. 

Electron and Positron Measurements - The EIS instruments provided the first high- 
resolution low-background observations of interplanetary electrons with energies near 
~1 MeV, due in part to the built-in analysis mode for monitoring 7- ray and neutron- 
induced background. Thus, EIS observations showed that the spectrum of quiet-time 
electrons from ~0.2 to 3 MeV was a factor of 10 to 20 lower than previously thought. In 
addition, the EIS instruments extended the energy spectrum of Jovian electrons 
observed at 1 AU during so-called "quiet-time increases" to lower energies, and showed 
that Jovian electrons dominate the flux of quiet-time electrons at 1 AU throughout the 
year, and not just at the time of nominal field-line connection to Jupiter. 

The first measurements of solar flare electron spectra over a broad energy inter- 
val. extending from ~20 keV to ~20 MeV, resulted from a collaborative study (with UC 
Berkeley and Goddard) based on observations from five separate instruments on IMP 6, 
7, and 8. It was discovered that each of nine events studied had the same spectral 
shape - a double power law with a smooth transition at 00-200 keV, with power law 
exponents of 0. 6-2.0 below and 2.4-4. 3 above (see, e.g., Figure 5). Based on interplane- 
tary propagation studies, and hard x-ray and microwave observations, it was concluded 
that the observed spectral shape was representative of that for electrons escaping from 
the Sun, and probably characteristic of the accelerated spectra an the Sun. 

At energies from -0.16 to 1.6 MeV the EIS instruments can separate positrons from 
electrons, as shown during extensive pre-launch calibrations. Simultaneous IMP-7 and 
IMP-8 observations demonstrated that the flux of ~1 MeV positrons is at least a factor 
of 10 lower than reported by OGO-3 observers, with no evidence for low-energy posi- 
trons that might come from supernovae or radioactive /3-decay. We also reported upper 
limits to the positron fraction in large solar flares and in small 3 He-rich flares. 

Studies of Interplanetary Recurrent Events - During periods between impulsive solar 
particle events the interplanetary particle fluxes at < 10 MeV/nucleon are often dom- 
inated by recurrent events (also called "corotating" events) which recur at Earth at 
~27 day intervals. Soon after Pioneer observations showed that particles in these 
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Figure 4: Mass histograms of H and He isotopes obtained from a sum of large 
flares observed from 1974 to 1979. There is do evidence for *H, 3 H. or 3 He above 
the background leveL A small amount of 3 He was observed in the two 3 He-rich 
flares. 
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Figure 5: An example of high-resolution energy spectra for solar flare electrons 
obtained for the Nov. 3, 1973 event. The EIS data extend from 0.2 to 2 MeV. Note 
the excellent agreement between the various sensors. 
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events are accelerated in interplanetary space, and not on the Sun, an extensive EE 
study of the particle anisotropy in recurrent events was completed. This study 
discovered that the diffusive streaming of ~2 MeV protons was towards the Sun, with a 
mean radial component of ~14%, indicating a positive radial gradient with a source of 
particles beyond 1 AU and a sink inside. In one of several subsequent studies we used 
s imul taneous measurements of the radial gradient and the anisotropy of particles in 
several individual recurrent events to provide a direct est ima te of the radial diffusion 
coefficient of ~1.6 MeV protons in interplanetary space. The value obtained (3 to 9 x 
10 20 cm 2 /sec) is consistent with the results of solar flare propagation studies, but uses 
a new and independent method and applies to somewhat different conditions. 

The Magnetopause Energetic Electron Layer - A layer of energetic (>200 keV) electrons 
was discovered with the EIS on IMP-8. The layer encircles the entire magnetotail and 
varies in thickness from ~1 Rg to 2:5 Rg, depending on geomagnetic activity. The tail- 
ward energy flow of energetic electrons in the layer varies from ~10 14 ergs/s to 10 15 
ergs/s with increasing geomagnetic activity. It was shown that this energy flow is regu- 
lated by the incident solar wind, and comparison with plasma measurements suggests 
that the flow may extend to much lower energies and much larger fluxes, corresponding 
to a toted energy flow of 10 1 ® to 10 1 ® ergs/s. 

Bursts of energetic electrons were also observed in front of the bowshock stream- 
ing toward the sun along interplanetary magnetic field lines that trace to the inner 
magnetosheath. The total energy flow of >200 keV electrons averages ~2 x 10 14 ergs/s, 
comparable to the tailward flow of electrons in the magnetopause electron layer. Stu- 
dies suggest that the upstream electrons and those in the magnetopause electron layer 
are closely related and probably have a common origin in the inner magnetosheath or 
possibly in the magnetosphere. 

Substorm Associated Streaming Energetic Electrons - In the magnetotail the 
occurrence of streaming energetic electrons is an indication that the spacecraft is 
likely on an open magnetic field line. It was discovered that the occurrence of such 
streaming is associated with a southward magnetic field as might be expected if the 
open Held line resulted from magnetic reconnection. The streaming events and south- 
ward fields were also associated with the onset of substorms as indicated by rapid 
increase in the AE index. 

Subsequent studies of the LASL plasma data during these events provided further 
evidence for substorm- associated reconnection in the magnetotail plasma sheet by 
showing that the streaming electrons are characteristically preceded by a ~ 15 min ute 
period of tailward plasma flow and are followed by a dropout of the plasma sheet, both 
being classical signatures of magnetic reconnection and plasmoid formation. 

In five of the reconnection events a pulse of heated plasma electrons appeared at 
the time of strongest southward magnetic fields just before the plasma sheet dropout. 
The hot plasma vas Maxwellian with a spectral bump in the tail of the electron distribu- 
tion function that could be the remnant of a 2 to 5-kV beam which produced the heat- 
ing. These new features of the microstructure of magnetic reconnection are outside 
the scope of standard MHD models and resemble some of the features observed in 
laboratory reconnection events. 
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